S2
Re signals were often available (i.e., experiment times for the collection of each sub-spectrum were around 15 minutes), and thus the Solomon echo was used. At 11.75 T, it was determined that the increased signal would be preferred, leading to the choice of the Hahn echo sequence. /3) with respect to B 0 . 2 The central (i.e., "step") discontinuity corresponds to a crystallite where V 33 is parallel to B 0 and hence is unaffected by the QI. Under the current conditions, one needs only to calculate the transition frequencies at these three "critical" points. These critical point CT frequencies may be calculated under second-order perturbation theory for I = 5/2 and η Q = 0: 
Details pertaining to the generation of
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where (1) specifies the position of the high-frequency discontinuity (ν CT,high ) and (2) specifies the position of the low-frequency discontinuity (ν CT,low ). Recall that the central discontinuity position is unaffected by the QI.
For the exact simulations, while it is true that the high-frequency discontinuity corresponds to the case where V 33 is perpendicular to B 0 and that the central discontinuity corresponds to the crystallite where V 33 is parallel to B 0 , the crystallite orientation corresponding to the low-frequency discontinuity will vary as a function of ν 0 /ν Q .
For large ν 0 /ν Q values (i.e., strong Zeeman interaction), it is such that the angle roughly corresponds to 41.81°, but as the ν 0 /ν Q value decreases, the V 33 /B 0 angle will change such that its value will be reduced. A plot of this dependence is shown in Figure S4 . In any event, for the exact QI simulations, three critical points exist. The CT frequencies were calculated at these critical orientations under both the exact and second-order perturbation theory models assuming a variety of ν 0 /ν Q values, the results of which are tabulated in Table S3 and depicted in Figure 5 . Once the transition frequencies at the critical points are known, the C Q and δ iso values can be determined from second-order perturbation theory line shape models in a relatively straightforward fashion: ν Q is related to the span in frequency between the high-and low-discontinuities (Δν) for the CT using the following equation (i.e., by taking the difference between (1) and (2)):
After which C Q can be determined, as C Q = 20ν Q /3 under the conditions considered here.
In general it is observed that for a given C Q value, second-order perturbation theory will give a line shape width that exceeds the correct value. Hence, to fit the data using second-order perturbation theory would require the apparent C Q value to underestimate the true value. The amount by which an apparent C Q value deviated from the true C Q value (i.e., from exact QI theory) was used to calculate the percentage errors. After scaling to the appropriate line width, the line shape generated using second-order perturbation theory will still be shifted in the positive frequency direction. The correction required to match the CT frequencies for the high-and low-frequency discontinuities is related to the error in the extracted δ iso value. To determine the apparent δ iso value using secondorder perturbation theory, a simple frequency shift is applied (always in the negative direction). Hence, the chemical shift arrived at using second-order perturbation theory will always be negative relative to the true value.
After these two corrections are implemented, the second-order perturbation theory and exact theory simulations will have high-and low-frequency discontinuities that match. As a result of this procedure, it must be noted that the
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central step discontinuity will not match between the second-order and exact theory models. Indeed, there exists no meaningful case where all three discontinuities would exactly match between the second-order perturbation theory and exact theory simulations. 
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Q H ) and second-order perturbation theory (
Q H ) on the Zeeman eigenstates is illustrated. As shown in the middle column of (a), the CT frequency is unaffected by the QI to first-order. In (b), the eigenstates are ordered differently than in (a), as the eigenstates are subject to only the QI (i.e., only Q H ). The transition frequencies are specified in the Figure. Figure S4 . Angle between V 33 and B 0 corresponding to the low-frequency CT discontinuity as a function of the ν 0 to ν Q ratio using exact QI simulations. The dashed red line highlights the constant value (i.e., independent of the ν 0 to ν Q ratio) of 41.81° arrived at using second-order perturbation theory. The points in the graph are connected using a line that is meant to serve as a guide for the eyes only.
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This journal is © The Owner Societies 2011 Table S3 . a For these calculations, the ν 0 value was kept constant at 113.787 MHz. Any set of values for ν 0 and ν Q could have been chosen, as the important quantity is their ratio with respect to one another. b Error in the C Q value arrived at using second-order perturbation theory. Details are given in the ESI, Additional Experimental. c Error in the δ iso value arrived at using second-order perturbation theory. Details are given in the ESI, Additional Experimental.
